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Recent randomized, prospective trials have
demonstrated the superiority of carotid endarterec-
tomy compared with the best medical treatment for
the prevention of stroke in both asymptomatic and
symptomatic patients with carotid artery disease.1-4
The challenges of proper patient selection and per-
fection of the surgical technique represent the next
echelon in advancing treatment for this disease.
Inherent within the process of understanding which
patients will have a stroke is to identify the early
warning signs. Prior studies have clearly shown that
patients with higher-grade stenosis and transiently
symptomatic presentation are at an increased risk for
subsequent cerebrovascular accidents (CVA).5-9 The
biologic basis for this observation, however, has yet
to be clearly determined. Factors that dictate the
rate of progression of the disease process also are not
well understood.
Better insight into which patient or arterial
characteristics lead to subsequent stroke would
provide the surgeon with the opportunity to oper-
ate selectively on patients who are at greater risk.
Alternatively, a subgroup of patients with moderate
stenosis (40% to 60%) of the internal carotid artery
(ICA) combined with ominous plaque characteris-
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tics may be at a high risk of progression to a stroke
(Fig. 1). These patients also might warrant surgical
consideration.
Pathologic investigations of the carotid plaque
specimen from carotid endarterectomy have primar-
ily involved the study of intraplaque hemorrhage
and plaque ulceration. The reported incidence of
plaque hemorrhage has varied from 7.4%10 to
87%.11 Similarly, the rate of plaque ulceration has
been highly variable in the literature.12-15 Conflict-
ing data have been presented for and against the use
of plaque morphology as an indicator for the subse-
quent symptomatic presentation of carotid artery
disease.
The objective of this study was to seek a correla-
tion between the observed intraoperational gross
carotid plaque characteristics and the initial presen-
tation of the patient from a very large surgical series.
METHODS
Patients. All carotid endarterectomy proce-
dures performed by one group of vascular surgeons
at Northwestern Memorial Hospital, Chicago, Ill.,
during a 14-year period from July 1, 1982, through
June 30, 1996, were included in this study. There
were 1252 carotid endarterectomy procedures com-
pleted within the study period. All endarterectomy
specimens were inspected during the surgical proce-
dure, and plaque characteristics were recorded by
the surgeon immediately after the operation. Infor-
mation related to demographics, comorbidities, and
operative indications were recorded prospectively at
the time of operation. A review of the data was con-
ducted in 1996, and the statistical analysis was com-
pleted.
The presenting symptoms for all patients were
subdivided into one of three groups: transiently
ischemic, prior stroke, or asymptomatic. The tran-
siently ischemic patients included those with a histo-
ry of amaurosis fugax or transiently ischemic symp-
toms ipsilateral to the affected carotid artery. A
patient was considered to be transiently symptomatic
if the symptoms could be documented within 4 to 6
weeks from the date of operation. Any ischemic event
for which the symptoms lasted longer than 24 hours
was considered to be a completed stroke. Operations
for patients with completed strokes were delayed at
least 6 weeks to prevent further damage to the
ischemic penumbra. Furthermore, a temporary
indwelling intraluminal shunt was routinely used for
these patients. Reversible ischemic neurologic deficits
and other intermediate categories were not consid-
ered. Any patient who was found to have carotid
artery stenosis without a presenting symptom of focal
neurologic deficit was classified in the asymptomatic
cohort.
Preoperative angiography was routinely used in
all cases. The degree of stenosis based on the preop-
erative angiogram was used in conjunction with the
presenting symptoms as the primary criterion in the
decision to operate. The degree of stenosis of the
ICA was determined according to the protocol used
in the North American Carotid Endarterectomy
Trial; the lumen at the carotid bifurcation was com-
pared with the distal normal ICA.1
Exclusions. From the 1252 carotid endarterec-
tomies that were performed in this study period,
244 cases were excluded. Repeat operations, includ-
ing 113 operations for restenosis, were specifically
excluded to allow a focus on primary carotid artery
stenosis. In a recent trend, 73 cases were excluded
because preoperative angiography was substituted
by magnetic resonance angiography or duplex scan-
ning alone. In 58 cases, the data for carotid plaque
characteristics or presenting symptoms were not
recorded or not available; thus, there were 1008 pri-
mary operations for which all of the data were avail-
able for analysis.
Plaque characteristics. All carotid specimens
were inspected by the surgeon at the time of the
operative exposure and endarterectomy. The pres-
ence or absence of ulceration or intraplaque hemor-
Fig. 1. Angiogram of a carotid bifurcation with evidence
of stenosis of the ICA and a large plaque ulceration.
rhage was documented prospectively in all cases. For
some cases, more than one plaque characteristic was
present in a single specimen. Throughout the 14-
year study period, frequent discussions were made
regarding characteristics consistent with ulceration
and hemorrhage. 
Gross ulceration was defined as plaque surface
irregularity with an opening seen by the surgeon at
the time of arteriotomy. Pin holes of less than 1 mm
were not considered to be ulcerations. Plaques with
smooth invaginations without evidence of disrup-
tion of the fibrous cap also were not considered
examples of plaque ulcers. 
Plaque hemorrhage was noted grossly by looking
for evidence of blood within the plaque itself. Old
hemosiderin-laden plaques also were considered to
be examples of plaque hemorrhage. There was no
attempt in this study to distinguish the age of the
hemorrhage. 
Statistical analysis. All data were maintained in
a database and analyzed with the use of Microsoft
Excel or StatView for the PC. Univariate testing
included a t test for continuous variables, and c 2 tests
for comparison of proportions of categorical variables
were used to test statistical significance. A signifi-
cance level of p < 0.05 was used as a threshold for sta-
tistical significance.
RESULTS
Patient characteristics and comorbidities are
expressed in Table I. There were a total of 1008 pri-
mary carotid endarterectomies for 880 patients (128
bilateral procedures). There were significantly more
men (64.7%) than women (35.3%) in the study
group, and the patients had a high incidence of car-
diovascular risk factors. The comorbidities of smok-
ing and hypertension were particularly remarkable,
67% with a smoking history and 41% with hyperten-
sion. The age of patients ranged from 40 to 89 years,
with a mean age of 68.2 years.
The overall incidence of plaque ulceration (with
or without hemorrhage) was 71% (713 of 1008).
Plaque hemorrhage was found less frequently, with
an incidence of 30% (299 of 1008). Table II pro-
vides data related to the presence of plaque ulcera-
tion and hemorrhage compared with the initial clin-
ical presentation. This comparison illustrates the
higher incidence of plaque ulceration in both the
transiently symptomatic patients (77% [391 of 508])
and the prior stroke group (79% [91 of 115]) com-
pared with the asymptomatic patients (60% [231 of
385]; p < 0.0001, c 2 test). Table II also demon-
strates a nonsignificant trend of more plaque hem-
orrhage in the prior stroke group (37% [43 of 115])
compared with the asymptomatic group of patients
(28% [108 of 385; p = 0.06, NS]). 
A separate comparison of carotid plaque charac-
teristics with the presenting symptoms is given in
Table III. Patients who exhibited hemorrhage and
ulceration in the same plaque were considered to be
in a unique category, as were those with ulcer only
or hemorrhage only. There was no statistically sig-
nificant difference between the transiently sympto-
matic group compared with the prior stroke group
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Table I. Patient characteristics
Age 68.2 ± 8.4 yr (mean ± SD)
Gender Men 652 (64.7%) Women 356 (35.3%)
Side of operation Right 510 (50.6%) Left 498 (49.4%)
Diabetes Yes 164 (16.3%) No 844 (83.7%)
Hypertension Yes 416 (41.3%) No 592 (58.7%)
Smokers Active smokers 413 (41.0%) Nonsmokers 334 (33.1%)
Previous smokers 261 (25.9%)
Patients underwent a total of 1008 primary carotid endarterectomy procedures. A high incidence of cardiovascular risk factors was present.
Table II. Plaque characteristics versus presenting symptoms comparing transiently symptomatic and asymp-
tomatic groups and prior stroke and asymptomatic groups (n = 1008)
Plaque Transiently Asymptomatic Prior stroke
characteristic symptomatic (n = 508) p value (n = 385) p value (n = 115)
Ulcerated (n = 713) 391 of 508 (77%) <0.0001 231 of 385 (60%) <0.0001 91 of 115 (79%)
Hemorrhage (n = 299) 148 of 508 (29%) 0.72 108 of 385 (28%) 0.06 43 of 115 (37%)
Comparison of the incidence of plaque ulceration or plaque hemorrhage among the transiently symptomatic, asymptomatic, and prior
stroke cohorts. All p values refer to c 2 statistical analysis. Percentage of patients with plaque ulceration from the groups with symptoms
of transient ischemia and prior stroke were significantly greater than the asymptomatic cohort.
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on the basis of frequency of plaque ulceration,
plaque hemorrhage, or both. 
Many more transiently symptomatic patients
demonstrated a plaque ulceration alone than did 
the asymptomatic cohort of patients (51% [258 of
508] compared with 36% [140 of 385]; p < 0.0001,
c
2 test) (Table III). The incidence of plaque hemor-
rhage or coexisting hemorrhage and ulceration,
however, was similar for the symptomatic and
asymptomatic patients.
There was a trend toward an increased incidence
of plaque ulceration in the prior stroke group
(46.1% [53 of 115]) compared with the asympto-
matic patients (36.4% [140 of 385]). However, this
trend was not statistically significant (p = 0.06). Sim-
ilarly, there were more patients in the prior stroke
group who had coexisting plaque ulceration and
hemorrhage (33% [38 of 115]) compared with the
asymptomatic patients (23.6% [91 of 385]); this
association achieved borderline statistical signifi-
cance (p = 0.052). The presence of plaque hemor-
rhage alone was identical in the prior stroke and
asymptomatic groups of patients (4.4%).
Table IV provides a comparison of the degree of
stenosis by preoperative angiography of the carotid
artery with the presenting symptoms. For the pur-
pose of statistical analysis, the patients were divided
into either the high-grade stenosis (90% to 99%)
group or the lower-grade stenosis (less than 90%)
group. The transiently symptomatic patients and
those with a history of a prior stroke were more like-
ly to have lower-grade stenosis than was the asymp-
tomatic cohort. This difference, however, was not
statistically significant based on c 2 analysis. 
Table V expresses the relative frequencies of
plaque ulceration and intraplaque hemorrhage com-
Table III. Plaque characteristics versus presenting symptoms
Plaque Transiently Asymptomatic Prior stroke
characteristic symptomatic (n = 508) p value (n = 385) p value (n = 115)
Ulcer alone (n = 451) 258 of 508 (50.8%) <0.0001 140 of 385 (36.4%) 0.064 53 of 115 (46.1%)
Hemorrhage alone (n = 37) 15 of 508 (2.9%) 0.28 17 of 385 (4.4%) >0.99 5 of 115 (4.4%)
Hemorrhage and ulcer (n = 262) 133 of 508 (26.2%) 0.39 91 of 385 (23.6%) 0.052 38 of 115 (33.0%)
Neither (n = 258) 102 of 508 (20.1%) <0.0001 137 of 385 (35.6%) <0.0001 19 of 115 (16.5%)
Carotid plaque characteristics were compared with presenting symptoms. Plaques were classified into those with ulcer alone, hemorrhage
alone, both hemorrhage and ulcer, and neither hemorrhage nor ulcer.
Table IV. Carotid artery stenosis
Stenosis of ICA Asymptomatic (n = 385) Prior stroke (n = 115) Transiently ischemic (n = 508)
<75% (n = 143 of 1008 [14.2%]) 32 of 385 (8.3%) 20 of 115 (17.4%) 91 of 508 (17.9%)
75% (n = 254 of 1008 [25.2%]) 105 of 385 (27.3%) 28 of 115 (24.4%) 121 of 508 (23.8%)
90% (n = 597 of 1008 [59.2%]) 241 of 385 (62.6%) 65 of 115 (56.5%) 291 of 508 (57.3%)
99% (n = 14 of 1008 [1.4%]) 7 of 385 (1.8%) 2 of 115 (1.7%) 5 of 508 (1.0%)
Total (n = 1008) 385 115 508
Stenosis of ICA Asymptomatic (n = 385) Prior stroke (n = 115)
‡ 90% 248 of 385 (64%) 67 of 115 (58%)
<90% 137 of 385 (36%) 48 of 115 (42%)
c
2 p = 0.27 (NS)
Stenosis of ICA Prior stroke (n = 115) Symptomatic (n = 508)
‡ 90% 67 of 115 (58%) 296 of 508 (58%)
<90% 48 of 115 (42%) 212 of 508 (42%)
c
2 p > 0.99 (NS)
Stenosis of ICA Symptomatic (n = 508) Asymptomatic (n = 385)
‡ 90% 296 of 508 (58%) 248 of 385 (64%)
<90% 212 of 508 (42%) 137 of 385 (36%)
c
2 p = 0.07 (NS)
The degree of stenosis of the ICA was compared with presenting symptoms. The difference in stenosis among the various cohorts was
not significantly different.
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pared with the degree of ICA stenosis. There were
more incidences of intraplaque hemorrhage from
specimens with higher-grade stenosis (90% to 99%
stenosis of ICA) than from those with less than 90%
ICA stenosis (p < 0.005, c 2 test). Plaque ulceration
was present with consistent frequency independent
of the degree of stenosis of the ICA (p = 0.57, NS,
c
2 test). 
DISCUSSION
The present study demonstrates a strong associ-
ation between gross ulceration of carotid plaque and
a presentation of TIAs, amaurosis fugax, or prior
stroke. The correlation of plaque hemorrhage and
clinical presentation was less clear, with a trend that
did not achieve statistical significance toward an
association with prior stroke (Table II; p = 0.06,
NS). There was no statistically significant relation
between the degree of stenosis and clinical presenta-
tion among the asymptomatic, symptomatic, and
prior stroke groups of patients (Table IV). The fre-
quency of plaque ulceration was independent of the
degree of ICA stenosis, whereas plaque hemorrhage
occurred more commonly in the more highly
stenotic lesions (Table V). Each of these areas is dis-
cussed.
Plaque ulceration and presenting symptoms.
The association of gross plaque ulceration with an
initial presentation of TIAs, amaurosis fugax, or
prior stroke is strong (Table II; p < 0.0001, c 2 test)
and is an association that has been described previ-
ously.9,16-19 The importance of the present study is
the large number of cases supporting this conclusion
and statistical analysis that is possible with 1008
observations. The association of plaque ulcer with
symptoms is believed by many to represent an
anatomic etiology for the patient’s intermittent tran-
sient ischemia. 
In a recent publication originating from the
North American Symptomatic Carotid Endarter-
ectomy Trial (NASCET), a detailed investigation of
plaque ulcer in symptomatic patients was evaluated.
Eliasziw et al.9 reported the increased risk of subse-
quent stroke in patients with demonstrated plaque
ulceration on preoperative angiograms. A finding of
increased risk for subsequent stroke in patients
known to have ulcerated plaques reinforces the argu-
ment that plaque characteristics should be used in
conjunction with clinical symptoms and degree of
stenosis in the decision to operate. Prior investiga-
tors have been criticized for a lack of similarity
between the degree of stenosis of the asymptomatic
and symptomatic cohorts when comparing the inci-
dence of plaque ulceration.20 In that study, the
symptomatic patients had an overall higher degree of
stenosis than the asymptomatic group. However, in
the present series, the lesions of the symptomatic
cohort were, as a group, less stenotic than those of
the asymptomatic cohort (Table IV). 
The correlation of ulcerated plaques to sympto-
matic patients is not affected by the consideration of
plaques with concomitant ulceration and hemor-
rhage as a separate entity (Table III). A comparison
of the asymptomatic group with the prior stroke
group was found to be highly significant when
plaque ulceration and hemorrhage were considered
Table V. Stenosis of ICA versus plaque morphology
Stenosis of ICA Ulcerated plaque (n = 713) Plaque hemorrhage (n = 299)
<75% (n = 143 of 1008 [14.2%]) 110 of 713 (15.4%) 33 of 299 (11.0%)
75% (n = 254 of 1008 [25.2%]) 175 of 713 (24.5%) 64 of 299 (21.4%)
90% (n = 597 of 1008 [59.2%]) 416 of 713 (58.3%) 195 of 299 (65.2%)
99% (n = 14 of 1008 [1.4%]) 12 of 713 (1.7%) 7 of 299 (2.3%)
Total (n = 1008) 713 299 
Stenosis of ICA Ulcerated plaque (n = 713) No ulcer (n = 295)
‡ 90% (n = 611) 428 of 713 (60%) 183 of 295 (62%)
<90% (n = 397) 285 of 713 (40%) 112 of 295 (38%)
c
2 p = 0.57 (NS)
Stenosis of ICA Plaque hemorrhage (n = 299) No hemorrhage (n = 709)
‡ 90% (n = 611) 202 of 299 (68%) 409 of 709 (58%)
<90% (n = 397) 97 of 299 (32%) 300 of 709 (42%)
c
2 p = 0.0038
The frequency of plaque ulceration and plaque hemorrhage by the degree of stenosis of the ICA was compared. To simplify the analy-
sis, the patients were separated into those with less than 90% stenosis and those with 90% to 99% stenosis.
independently (Table II; p < 0.0001). However,
when the category for combined hemorrhage and
ulceration was considered, there was a nonstatistical-
ly significant trend toward more ulceration (Table
III; p = 0.064) and coexisting ulceration and hem-
orrhage (p = 0.052) in the prior stroke group com-
pared with the asymptomatic group. This discrepan-
cy may result from the creation of more subcate-
gories. When comparing the data in Tables II and
III, it becomes evident that plaque hemorrhage
rarely occurs without ulceration, whereas plaque
ulceration commonly occurs independently.
Plaque hemorrhage and presenting symptoms.
The presence of plaque hemorrhage without ulcera-
tion was not significantly different among the symp-
tomatic (Table III; 2.9%), prior stroke (4.4%), and
asymptomatic (4.4%) cohorts. When plaque hemor-
rhage was considered independently, there was a
trend toward increased likelihood of hemorrhage in
the prior stroke group (37%) compared with the
asymptomatic cohort (28%) (Table II; p = 0.06, NS,
c
2 test). This finding is different from the conclu-
sions drawn by researchers who support the position
that plaque hemorrhage is significantly more com-
mon in prior stroke and transiently symptomatic
patients.11,12,17,21-23 On the other hand, Bassiouny
et al.,13 in a pathologic study, concluded that plaque
hemorrhage was a common occurrence in carotid
lesions from both symptomatic and asymptomatic
patients. Svindland and Torvik24 described findings
of plaque ulcer and hemorrhage in many asympto-
matic patients with greater than 60% carotid steno-
sis. The presence of asymptomatic patients with
plaque hemorrhage or ulceration does not necessar-
ily imply that the plaque is benign in nature. We
believe that these “unstable” plaques are more com-
mon in symptomatic and prior stroke patients. The
possibility of plaque hemorrhage and ulcer healing
through the formation of a fibrous cap also has been
suggested. More recent histologic and radiograph-
ic/imaging studies have focused on the “soft” and
unstable plaque with foreboding structure, compo-
sition, or consistency.10,25-27
Carotid stenosis and clinical symptoms. The
data for ICA stenosis and clinical presentation (Table
IV) demonstrate a nonsignificant trend of asympto-
matic patients showing higher-grade stenosis than
those with prior symptoms. This difference is likely a
result of the changing indications for carotid
endarterectomy during the study period. Large, ran-
domized, prospective studies to determine the prop-
er indications for carotid endarterectomy were not
available until 1991.
Before the publication of the Asymptomatic
Carotid Artery Study,4 very few asymptomatic
patients in the present series were operated on who
had less than 80% stenosis. Many asymptomatic
patients with stenosis of 50% to 75% were followed
with duplex scanning before the completion of the
Asymptomatic Carotid Artery Study report. Like-
wise, before the initial reports from the NASCET
collaborators, some symptomatic patients with mod-
erate stenosis (50% to 70%) also were operated on.
This selection bias toward a higher degree of steno-
sis in the operated asymptomatic group accounts for
the observed trend. Because the asymptomatic and
symptomatic patients presented for completely dif-
ferent reasons, it is understandable that they might
have different degrees of stenosis at the time of
operation. Population studies that have controlled
for this generally agree that the degree of stenosis
does influence the presence of symptoms.1,2,9
Carotid stenosis and plaque morphology. In
this study, the relation between the degree of ICA
stenosis and carotid plaque morphology demon-
strates an increased frequency of plaque hemorrhage
in the more highly stenosed lesions (p < 0.005, c 2
test). This association has been previously described
by Beach et al.,28 who showed that intraplaque hem-
orrhage occurred more frequently in more stenotic
lesions. Persson et al.17 proposed in 1983 that the
progression of atherosclerotic plaque may depend
on the development of intraplaque hemorrhage and
that in turn may lead to TIAs or frank stroke. In the
present study, the association of plaque hemorrhage
with greater stenosis was seen in both asymptomatic
and symptomatic groups. This finding, however,
does not allow us to draw conclusions related to the
cause-and-effect relation of plaque hemorrhage with
high-grade stenosis.
The incidence of plaque ulceration at all different
degrees of carotid artery stenosis is less conclusive.
The present study showed an overall incidence of
plaque ulceration in 71% (713 of 1008) of carotid
specimens. The plaque ulcers were distributed pro-
portionally among each of the groups of degree of
ICA stenosis (Table V). The c 2 analysis of plaque
ulceration in which the data were divided according
to whether the patient had greater or less than 90%
stenosis also failed to show any differences (p = 0.57,
NS). It thus appears from this study that the rate of
ulceration is not affected by the degree of stenosis.
CONCLUSION
There is a highly significant correlation of carotid
plaque ulceration with symptomatic carotid artery
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Dr. Jonathan B. Towne (Milwaukee, Wis.). I would
like to congratulate Dr. Park and his colleagues from
Northwestern University’s vascular surgery unit for both
an outstanding presentation and an impressive series of
over 1000 carotid procedures that were performed over
the past 14 years. Of interest to me was that they are find-
ing plaque hemorrhage is not as morbid a finding as some
authors previously have mentioned. As we look at the
DISCUSSION
disease, including patients with transient ischemia
and prior stroke. The relation of plaque hemorrhage
to clinical presentation is less clear, with a nonsignif-
icant trend toward an association with prior stroke
(p = 0.06). Intraplaque hemorrhage is found more
frequently in the presence of high-grade stenosis
(90% to 99%) of the ICA for both symptomatic and
asymptomatic patients than at lesser degrees of
stenosis. These findings suggest that carotid plaque
morphology does play an important role in the pre-
sentation of carotid artery disease.
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whole carotid field, I do not think anyone can disagree that
the importance of a high-grade stenosis as a morbid factor
that should result in our performing carotid endarterecto-
my exists. More interesting is the role of ulceration, partic-
ularly ulceration in the moderate or mildly stenotic arteries,
less than 60%. Certainly my experience has been that ulcer-
ation in mildly stenotic arteries rarely causes symptoms and
never has caused a stroke. This experience leads to several
questions that I would like to ask the authors.
In their study, did they look at the instance of tran-
sient ischemic attack and stroke in patients with less than
70% stenosis? Secondly, I think how the stenosis is mea-
sured is important, because obviously if one uses the
bulb measurement versus the distal internal carotid
artery, variance can exist, and I think we need to know of
that variance. In a paper from an institution known for
their excellence both in invasive radiology and in their
vascular lab, do we have any data to say how accurate
their duplex scan is in determining the presence of either
hemorrhage or ulceration? Likewise, how accurate are
their angiographers?
The bottom line is that as we move into the next cen-
tury, we are doing less and less invasive angiography, and
indeed both the detection and the follow-up of patients
with carotid disease is done primarily by duplex scan-
ning. Therefore, if indeed ulceration is to be shown to be
a morbid factor that may tilt the scales towards opera-
tion, we have to know that detection is possible and how
valid that detection is.
I enjoyed this paper, and I want to thank the Midwest
Vascular Surgical Society for asking me for a discussion.
Dr. Andrew E. Park. Dr. Towne, you raise some inter-
esting and important points. We did not operate routine-
ly on patients with less than 70% stenosis for one sympto-
matic episode, but patients who had recurrent sympto-
matic presentation with less than 70% stenosis occasionally
were advised on the benefits and risks of surgery, and some
of those patients indeed did have surgery. As for the cate-
gorization of the degree of internal carotid artery stenosis,
the stenosis was measured as described in the North
American Symptomatic Carotid Endarterectomy Trial
with a comparison of the stenotic lesion of the proximal
internal carotid with the normal distal internal carotid
artery. The blood flow lab at Northwestern University
does not comment routinely on the presence or absence of
hemorrhage or ulceration, although a number of studies
exist from other institutions that have begun to claim the
ability to detect plaque hemorrhage and ulceration preop-
eratively. We believe that a prospective study that investi-
gates this would be the only way to answer this question.
As far as angiography is concerned, angiography has been
notorious for missing plaque ulceration preoperatively,
and we found this as well in our study. Therefore, we used
only the gross observations for the statistical analysis.
